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The construction of multivalent neoglycoconjugates is efficiently achieved by the regiospecific catalytic cycloaddition of alkynes and azides
using the organic-soluble copper complexes (PhsP)sCuBr and (EtO)sP-Cul. The simultaneous use of microwave irradiation shortened notably
the reaction times.

In the fields of glycobiology and supramolecular chemistry, of biologically active compounds to endow them with
the construction of large molecules with a well-defined binding power greater than that of their monovalent coun-
architecture such as multivalent ligahas artificial recep- terparts. In this respect, glycodendrimers are growing in
tors is normally required. Multivalency in liganereceptor importance as a class of dendrimers and glycoconjugdates.
interactions is an important principle used by Nature to  The synthetic effort normally required to prepare effective,
increase weak interactions to biologically relevant levels. rationally designed, polyvalent ligands are normally high
The principle, normally referred to as the cluster effect, is where the use of simple and efficient reactions for the
especially prevalent in carbohydrate recognition events, in covalent connection of the different modules is a necessity.
which monovalent affinities are generally quite low and such Driven by this need to develop efficient methodologies, we
an enhancement is requiré@his has been used in the design have demonstratéch the past that 1,3-dipolar cycloadditions
are an efficient and highly versatile strategy for the construc-
* Phone: +34-958248087. Fax--34-958243186. tion of a variety of multivalent structures such as sugars
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Table 1. Synthesis of Divalent Neoglycoconjugates

entry R! R/ core product conditions” t (min/h ) yield (%)
R1
o 3
N. N—p2
°N R
1 3a A 34 min 86
2 3b B 15 min 99
C 45 min 51
3 3e B 26 min 9
R R'
R—N E— ;_\ /_(
® Ne N-REN, N ®)
N N
4 5a A 11 min 93
5 Sb A 8 min 80
C 12 min 83
6 Se B 12 min 86

AcO

OAc

aConditions: (A) (PBP)-CuBr, DIPEA, MW; (B) (EtO}P-Cul, DIPEA, MW; (C) (PBP)-CuBr, DBU, MW; (D) (PhP)-CuBr, ICu, DIPEA, MW. For
experimental details, see General Procedure and Supporting Information.

triazoles or 1,2-oxazoles as aromatic heterocyclic bridges A major advance has recently been achieved parallel to our
between the different units that are coupledowever, a investigations through the use of copper(l)-catalyzed reac-
limitation of this approach is the absence of regiospecifity tions? which lead only to the 1,4-disubstitued 1,2,3-triazole.
normally found in thermal 1,3-cycloaddition of nonsym- To broaden this methodology, we focused our attention in
metrical alkynes that leads to the isolation of a mixture of the use of organic-soluble copper(l) complexes that can act
the different possible regioisomers. Also, long reaction times as a catalyst allowing homogeneous reactions. Among the
are required in the majority of the cases. In this communica- copper compounds already reported, we choseRRh
tion, we contribute new advances regarding the enhancemenCuBri®2and (EtO)P-Cul'®® due especially to their air stability
of the selectivity and shorten the reaction times. and easy and inexpensive preparation. In addition, it was
The improvement of the intrinsically poor regioselectivity thought that in order to improve the assemblies and especially
of the dipolar cycloaddition involving nonsymmetrical to shorten the reactions times, the reactions could also be
alkynes has been addressed in the past with varying sutcesssimultaneously assisted by the use of microwave irradiation.

(7) Presence of an aromatic heterocyclic group next to the glycosidic  (9) (a) Tornoe, C. W.; Christensen, C.; Meldal, 31.0rg. Chem2002,
bond has been pointed out as contributing positively to the interaction of 67, 3057. (b) Rostovtsev, V. V.; Green, L. G.; Fokin, V. V.; Sharpless, K.
neoglyconjugates with lectins by increasing the hydrophobicity. See ref 5d. B. Angew. Chem2002,114, 2708. For applications of this methodology,

(8) (a) Zanirato, PJ. Chem. Soc., Perkin Trans1991, 2789. (b) Hlasta,
D. J.; Ackerman, J. HJ. Org.Chem.1994,59, 6184. (c) Mock, W. L.;
Irra, T. A.; Wepsiec, J. P.; Adhya, M.. Org. Chem1989,54, 5302. (d)
Chen, J.; Rebek, Drg. Lett.2002,4, 327. (e) Hager, C.; Miethchen, R.;
Reinke, H.J. Fluorine Chem2000,104, 135. (f) Howell, S. J.; Spencer,
N.; Philp, D.Tetrahedror2001,57, 4945. (g) Tuncel, D.; Steinke, J. H. G.
Chem. Commun2002, 496. (h) Krasia, T. C.; Steinke, J. H. Ghem.
Commun2002, 22.
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Am. Chem. So2002,124, 14397. (d) Wang, Q.; Chan, R. R.; Hilgraf, R.;
Fokin, V. V.; Sharpless, K. B.; Finn, M. G. Am. Chem. So003,125,
3192.

(10) (a) Gujadhur, R.; Venkataraman, D.; Kintigh, JT€trahedron Lett.
2001,42, 4791. (b) Ziegler, F. E.; Fowler, K. W.; Rodgers, W. B.; Wester,
R. T. Organic Syntheses; Wiley: New York, 1993; Collect. Vol. VIII, p
586.
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Table 2. Synthesis of Multivalent Neoglycoconjugates

entry R R?/ core product conditions” t (min/h) vield (%)
1 R1
R—= + ( N#Core — /=< @
n Core N. _N
™ ®) AR
O Ng_ O~ .
~
1 ++OCH, (1) i 7a A 6 min 53
N*N E 24 h 48
OAc 0
n=3
j (8)
n=4 i
2 et () (6b) 7b /E 67r2n;1n 255;
OAc
A 30 min 58
-+ OCH
3 2 (1a) e Tc B 20 min 77
OAc (6¢)
OAc
AcO o o
n=7 0Ac (6e) D 30 min 89
AcO - OCH
> ‘ 2:2 2 (@ 1 Te B 30 min 94
AcO OAc OAC | .
AcO o 0
= 6
¢ ACO&Q""SCHZ o) TR e 7t B 30 min 73
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a Conditions: (A) (PBP)-CuBr, DIPEA, MW; (B) (EtO}P-Cul, DIPEA, MW; (C) (PP):CuBr, DBU, MW; (D) (PhP)-CuBr, ICu, DIPEA, MW; (E)
(PhsP)-CuBr, DIPEA, rt. For experimental details, see General Procedure and Supporting Information.

Microwave-assisted organic reactions are rapidly becoming of divalent mannopyranosylated ligands following two dif-

recognized as a valuable tool for facilitating a wide variety ferent approaches. First, the direct assembly of functionalized

of transformationd! We found that the combination of

microwave irradiation with the use of both copper complexes, || NN

when used in catalytic amounts, allowed in short reaction  g.heme 1. Regiospecific Coupling of Alkynes and Azides

times the coupling of a wide variety of alkynes and azides

leading in all cases regiospecifically to the 1,4-disubstituted . ,  (PhP)Cubror (E0)PCu N

1,2,3-triazoled? R—= + 7R MW Ne, Neg
The utility of this methodology is first revealed by the N

examples in Table 1. The study was initiated by the synthesis

1

(11) (@)Microwave in Organic Synthesisoupy, A., Ed.; Wiley: New sugars was achieved by reaction of alkynyl and azide
Y(_)I’k, 2002. (b) Wathey, B.; Tierney, J.; lestrom_, P.; WestmarDr.Mg g|ycosides_ To this end propargyL thiopropargyL and ami-
Discovery Today002,7, 373. (c) De la Hoz, A.; Diaz-Ortiz, A.; Moreno, Lal idesa— h . .

A.; Langa, FEur. J. Org. Chem2000, 3659. (d) Lidstrom, P.; Tierney, J.;  Nopropargyl glycosidesa—c were chosen to investigate not

Wathey, B.; Westman, Jletrahedron2001, 57, 9225. Application of only the influence of the glycosidic linkage in the coupling

microwave irradiation in the 1,3-dipolar cycloaddition of alkynes and azides ; ;

has been only very limited up to the present: (e) Louérat, F.; Bougrin, K.; by changlng the electronic nature of the alkyne but also as
Loupy, A.; Ochoa de Retana, A. M.; Pagalday, J.; Palacioslgferocycles
1998,48, 161. (f) Katritzky, A. R.; Singh, A. KJ. Org. Chem2002,67, (12) NOE difference spectroscopy has been used for the unambiguous
9077. assignment as the 1,4-regioisomer in selected cases.
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a way to obtain divalent ligands containing S- and N-

catalyst proved to be equally efficient and regiospecific even

glycosides® In these cases, the assembly proceeds toif longer reaction times were required as expected, With
completion in reaction times no longer than 45 min leading being isolated in yields similar to those observed in the

to the 1,4-disubsituted 1,2,3-triazol&s—c with good to
almost quantitative yields. It was observed that alk{ae

microwave-irradiated reactions.
The experimental procedufdor the microwave-assisted

which supports the more electronegative substituent, reactsreactions is simple, requiring only the mixture of the reagents,

well with (PhP)CuBr—DIPEA, but no reaction was
detected whefib and1cwere used. However, that problem
was overcome in the case &t by using a stronger base
such as DBU when using (EP)-CuBr (entry 3). This result
was not found in the reactions with (E$PYCul—DIPEA,
the 1,2,3-triazoles3b and 3c being isolated in almost
quantitative yields (entries 2 and 3).

the microwave irradiation, and the evaporation of the solvent
prior to the direct purification by a short flash column
chromatography. Formation of undesired byproducts was
never observed.

In conclusion, it has been established that the construction
of well-defined multivalent neoglycoconjugates can easily
and effectively performed by using the cycloaddition reac-

As a second approach for the synthesis of divalent tions of alkynes and azides for the assembly of the different

mannosylated ligands, the noncarbohydrate diazitleb

components when using the copper complexesR{CuBr

were used in the cycloaddition reaction with the propargyl and (EtO)P-Cul as organic soluble catalysts that allow the

and thiopropargyl mannosidés,b (entries 4—6) obtaining

5a—c with similarly good results as in the previous cases.

regiospecific formation of 1,4-disubsituted 1,2,3-triazole
connections. Although the catalytic features of these copper

The synthesis of tri-, tetra-, and hexavalent mannopyra- complexes are fully expressed when the “connection” of
nosylated ligands was also easily feasible by using the alkynes and azides are carried out at room temperature, their

polyazidessa—c (see Table 2). Propargyl mannositiewas

combination with microwave irradiation shortens the reac-

scaffolded on those aromatic cores, and the correspondingions times considerably. Other remarkable features of the

multivalent ligands7a—c (entries +3) were obtained in

procedure are its simplicity together with the easy and

moderate to good yields when the reactions were microwave-inexpensive preparation and air stability of the catalysts.
assisted, despite the steric congestion inherent to these
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new compounds. This material is available free of charge
via the Internet at http://pubs.acs.org.
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' (14) General Procedure.A solution of the alkyne (1.1 mmol) and the

Table 2), the reactions were performed without the assistanceazide derivative (1 mmol), DIPEA or DBU (3 mmol), and the copper catalyst

of the microwave irradiation at room temperature. The

(13) Substitution of the natur&®-glycosides bys- orC-glycosides is a

[(PhgP)-CuBr or (EtO}P-Cul] (10—20 mmol %) in toluene (25 mL) was
irradiated at 850 W (100% power) in a microwave oven (LG MG-5507D)
for periods of 2 min, allowing the solution to cool heating intervals, until
TLC or the IR spectra of the reaction mixture showed complete disappear-

normal alternative in the synthesis of carbohydrate mimics in order to ance of the starting material. The reaction mixture was evaporated and the
enhance the stability of the glycosidic linkage towards enzymatic hydrolysis: crude purified in a short flash column chromatography to yield the 1,2,3-

Bertozzi, C. R.; Bednarski, M. DI. Am. Chem. S0d.992,114, 5543.
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triazole derivative.
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